Background. Whether prompt insertion of tympanostomy tubes in children with persistent early life otitis media prevents or minimizes subsequent developmental impairment has been the subject of conflicting opinions and differing approaches to management.
INTRODUCTION
Whether persistent otitis media occurring at common levels of frequency and duration during children's early years of life impairs their later speech, language, cognitive or psychosocial development has long been the subject of conflicting reports. 1 Relatedly whether in such children prompt insertion of tympanostomy tubes protects against or minimizes subsequent developmental impairment has been the subject of conflicting opinions and differing approaches to management. 2 As part of a larger study of possible developmental effects of early life otitis media, we conducted a randomized clinical trial to address the effects of prompt tube insertion on developmental outcomes. Children who developed persistent (as defined later) middle ear effusion (MEE) during the first 3 years of life were assigned randomly to undergo either early or late insertion of tympanostomy tubes. Children assigned to the early treatment group were scheduled to have tympanostomy tubes inserted as soon as possible. Those assigned to the late treatment group were to undergo the operation 6 months later if bilateral effusion persisted or 9 months later if unilateral effusion persisted. treatment group (two-thirds of whom had not received tubes by the age of 3 years) in the cumulative duration of MEE; for example during the first 12 months after randomization, 45% of the children in the late treatment group had MEE for Ͼ50% of the days, compared with 14% of the children in the early treatment group. Nonetheless we found no significant differences between the 2 treatment groups at the age of 3 years in mean scores on any of a battery of developmental outcome measures encompassing general cognitive functioning, receptive language, speech and language in conversation, parent-child stress and children's behavior. 3 Our report of these findings did not address whether findings were similar within subgroups of children who might have been the most severely affected, namely those who had been randomized on the basis of bilateral, continuous MEE rather than unilateral and/or discontinuous MEE and those who, before being randomized, had the greatest degrees of hearing loss. The present report addresses those questions.
SUBJECTS AND METHODS
We have described the study procedures in detail previously. [3] [4] [5] [6] At 8 pediatric practices in and around Pittsburgh, we enrolled a diverse sample of 6350 normal infants within their first 2 months of life. We closely monitored their middle ear status prospectively by means of pneumatic otoscopy and tympanometry, and we also monitored the validity of otoscopic observations. We conducted audiometric testing whenever possible in all children who had unilateral or bilateral MEE continuously for 8 weeks, every 4 weeks thereafter as long as effusion remained present and once effusion had resolved. Enrolled children became eligible for the randomized clinical trial of tympanostomy tube insertion if, beginning at age 2 months and within the first 3 years of life they developed MEE that appeared substantial in quantity and that persisted, despite treatment with antimicrobial drugs, for 90 days in the case of bilateral effusion or 135 days in the case of unilateral effusion. Children with intermittent bilateral or unilateral MEE for specified proportions of longer periods were also eligible, following criteria that are listed in Appendix 2 of the electronic version of Reference 3 and are available from the authors. For example a child would have been eligible if he or she had had bilateral effusion for 67% of the preceding 180-day period or unilateral effusion for 67% of the preceding 270-day period. Four hundred twenty-nine children who met one of these criteria and whose parent(s) or guardian(s) gave written informed consent were stratified according to practice site, age (in 6-month categories) and whether the eligibility criteria were met on the basis of bilateral or unilateral effusion. In children who had had periods of both unilateral MEE and bilateral MEE, the duration criterion that was met first was considered the basis for eligibility. The children were then assigned randomly within these strata to undergo either early or late insertion of tympanostomy tubes. Children assigned to the early treatment group were scheduled to have tympanostomy tubes inserted as soon as possible. Those assigned to the late treatment group were to undergo the operation 6 months later if bilateral effusion persisted or 9 months later if unilateral effusion persisted. In 402 of the 429 children, we assessed speech, language and cognitive development at the age of 3 years; and in 401 of the children, we assessed psychosocial development, using measures summarized in Table 1 . In all we obtained developmental measures on 407 children.
To conduct subgroup analyses of developmental outcomes in the randomized children in relation to their patterns of illness, we categorized the children as to whether they met eligibility criteria on the basis of bilateral continuous MEE, bilateral discontinuous MEE, unilateral continuous MEE or unilateral discontinuous MEE. To conduct subgroup analyses regarding hearing levels in the 366 children with hearing tests during one or more episodes of MEE before randomization, we categorized the children into 3 dichotomous groupings defined by differing hearing level demarcations: no hearing test result vs. Ն1 test result abnormal (as defined later); no test result vs. Ն1 test result with 4-frequency (500, 1000, 2000, 4000 Hz) pure tone average Ն30 dB; and no test result vs. Ն1 test result with pure tone average Ն40 dB. In both sets of analyses, within each subgroup, we examined the differences in mean scores between children in the early and the late treatment groups using analysis of variance, and we calculated 95% confidence intervals of the differences in mean scores between the 2 treatment groups. We also examined differences between subgroups after combining the findings for the early and late treatment groups within each subgroup. In all comparisons we adjusted for gender and for type of health insurance (Medicaid vs. private) as a proxy for socioeconomic status, and in the between subgroup comparisons we adjusted also for treatment group. All results were based on the intention-to-treat principle, and we used 2 tailed tests for all analyses.
RESULTS
Within subgroup findings: early treatment vs. late treatment. Main outcome measures. Table 2 shows children's mean scores on the main outcome measures of the trial in relation to the laterality and sequence of the MEE on the basis of which children had met the randomization criteria of the trial. Within the various laterality/sequence subgroups, only two statistically significant differences were found between children in the early and the late treatment groups. Within the subgroup of children randomized on the basis of bilateral discontinuous MEE, mean scores on the McCarthy General Cognitive Index and the McCarthy Quantitative Subscale were significantly more favorable in children in the late than in the early treatment group. Table 3 shows the scores on the various outcome measures in relation to children's prerandomization hearing levels during episodes of MEE. Within the various hearing level subgroups, again only two statistically significant differences were found between children in the early and the late treatment group. Within the subgroup of children with no abnormal prerandomization hearing test results (as defined in Table 3 ), mean scores on the Peabody Picture Vocabulary Test: Revised and mean values for the Percentage of Consonants Correct: Revised were significantly more favorable in children in the late than in the early treatment group.
Secondary outcome measures. Data are not shown in Tables 2 and 3 From a computer-assisted analysis of the transcribed sample, the mean length of all utterances that were both complete and intelligible is calculated.
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Speech sound production* Percentage of Consonants Correct: Revised (PCC-R) 13 From a computer-assisted analysis of the phonetically transcribed sample, the first 100 first occurrence words in the transcript are analyzed for the percentage of intended consonants that are articulated correctly. Behavior ‡ Child Behavior Checklist (CBCL) 15 Parent rates the child's overall behavioral and emotional problems by responding to 99 items and scoring each statement as "not true," "somewhat or sometimes true" or "very or often true." The results are organized into 6 specific scales and a miscellaneous scale. Scores on the 6 specific scales and a Total Problem score are calculated and converted to T scores. 15 The normative mean T score on each scale and for Total Problems is 50 Ϯ 10.
gressive Behavior and Destructive Behavior. The individual subscale scores of the Parenting Stress IndexShort Form were consistent with corresponding Total Stress scores, and the individual scale scores of the Child Behavior Checklist were consistent with corresponding Total Problem T scores. The single significant difference found between the two treatment groups favored the late treatment group.
Between subgroup findings. Regarding the laterality and continuousness of MEE before randomization (Table 2) , the children in the early and late treatment groups combined who had met randomization criteria on the basis of bilateral continuous MEE had higher (i.e. less favorable) mean Parenting Stress Index Total Stress scores than the children in the other three defined subgroups (bilateral discontinuous MEE, etc.); otherwise there were no significant between subgroup differences.
Regarding prerandomization hearing levels (Table  3) , mean scores of children with greater recorded degrees of hearing loss (pure tone average Ն30 dB and Ն40 dB, respectively) were on some measures (McCarthy Perceptual Performance and Quantitative Subscales, Peabody Picture Vocabulary Test: Revised, Number of Different Words) less favorable than the scores of children with lesser degrees of loss, but the differences were small.
DISCUSSION
In a commentary on the analysis of subgroup findings in clinical trials, Feinstein discussed the distinction between retrospective "data dredging," i.e. using post hoc mathematical procedures in which "diverse arbitrary combinations of data are explored to find things that are 'statistically significant'; and "examination of legitimate pathophysiologic subgroups that could readily be identified in advance by any knowledgeable clinician." 16 In the present trial, because laterality of MEE was one of the stratification variables, analysis of subgroups based on laterality of MEE would seem both logical and appropriate. Although neither sequence of MEE (i.e. continuous vs. discontinuous) nor hearing level were stratification variables, and although subgroup analysis according to those variables had not originally been contemplated, it * The developmental tests and the meaning of the scores are explained in Table 1 . Higher scores on measures of cognition, language and speech reflect more favorable results; higher scores on measures of parent-child stress and children's behavior reflect less favorable results.
† Numbers in parentheses, number of children receiving individual developmental tests. ‡ A score on every measure was not available for every child. § Mean Ϯ SD. ¶ P ϭ 0.02 for the difference in mean scores between children (early and late treatment groups combined) in the "bilateral continuous" subgroup and corresponding scores in the other three subgroups, after adjustment for gender, type of health insurance (Medicaid vs. private) as a proxy for socioeconomic status and treatment group.
Early treatment vs. late treatment, P Ͻ 0.05 after adjustment for gender and for type of health insurance as a proxy for socioeconomic status. PPVT-R, Peabody Picture Vocabulary Test. Revised; NDW, Number of Different Words; MLUm, Mean Length of Utterance in Morphemes; PCC-R, Percentage of Consonants Correct. Revised; PSI-SF, Parenting Stress Index-Short Form; CBCL, Child Behavior Checklist; 95% CI, 95% confidence interval for the difference in mean scores (early treatment minus late treatment).
seems reasonable to consider subgroups based on those variables as "legitimate pathophysiologic subgroups" also. This applies particularly to the sequence of MEE, because our randomization criteria for children with discontinuous MEE differed from our criteria for children with continuous MEE. 3 Because not all of the children had received hearing tests while they had MEE and before being randomized, and because the number of tests received varied from child to child, detection bias could possibly have influenced the hearing level subgroup results. However, because we attempted consistently to obtain such tests, as called for at regular intervals in the study protocol, and because 366 (89.9%) of the 407 children received 1 or more such tests, it seems unlikely that the degree of bias could have been large.
Notwithstanding the large number of comparisons entailed in our subgroup analyses, we found no significant difference in mean scores on any measure favoring the early treatment group. Because the numbers of children in the illness pattern and hearing level subgroups were smaller than the number of children in the trial as a whole, the power of detecting differences between early treatment and late treatment children was considerably more limited. Nonetheless the 95% confidence intervals of differences in mean scores between the two treatment groups, as shown in Tables 2  and 3 , were relatively narrow, suggesting that any true differences favoring early treatment, if present, would have been small. We believe that these subgroup findings strengthen the conclusions that we drew from results in children at the age of 3 years in the trial as a whole, namely that in otherwise normal children who have periods of MEE during the first 3 years of life, within the duration limits we studied, prompt insertion of tympanostomy tubes does not measurably improve developmental outcomes at the age of 3 years.
As we have noted previously, 3 extrapolation of findings in this trial to children with periods of effusion longer than those we studied or to children whose effusion is consistently accompanied by moderately severe (rather than the more usual mild to moderate) hearing loss is not justified. Also relations not found at the age of 3 years might become apparent at later ages, either because children's responses may then be more representative of their actual abilities or because certain impairments may emerge only at later ages. [17] [18] [19] 
